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Abstract 

In this work a satisfactory, simple theoretical prediction of the data corresponding to 
observationally (by fine tuning condition) estimated value of the cosmological constant is 
given. It is supposed (in conceptually analogy with holographic principle) that cosmological 
constant, like classical surface tension coefficient by a liquid drop, does not correspond to a 
volume (bulk) vacuum mass (energy) density distribution but that it corresponds to a surface 
vacuum mass (energy) density distribution. Then form of given surface mass distribution 
and fine tuning condition imply observed growing (for ~ 61 magnitude order) of the scale 
factor (from initial, corresponding to Planck length, to recent, at the beginning of the cosmic 
acceleration, corresponding to 10 Glyr length). 



As it is well-known (see for example [1]), Friedmann equation without cosmological constant 
term 

.Ida.o kc^ ^Sn 

(where a represents the scale factor of the universe, k - curvature constant (that equals 1 for closed, 
for flat and -1 for open universe), c - speed of light, G - Newtonian gravitational constant, p - 
total mass density) can be formally interpreted by classical, Newtonian mechanics and gravitation 
in the following way. Namely, equation (1) can be equivalently, simply transformed in the following 
equation 

1, dr.r, kmc^ ^Air nO 

o^^-j;) + = mG—r^^ 2 
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where r = aro represents sphere radius, ro - appropriate length unit, while rn can be considered as 



the mass of a classical probe system, a particle or spherical shell. Term ^{rn^)^ can be formally 



considered as the classical kinetic energy. Constant term ^^^y~ can be formally considered as the 
total energy of a classical harmonic linear oscillator or rotator. Finally, term mG{^)r^^ can be 
formally considered as the classical potential energy by gravitational interaction between probe 
system and universe with mass {^)r^p homogeneously distributed by density p within the sphere 
volume (^)r^. 

Friedmann equation with additional cosmological constant term 

,l(ia,n kc^ Rn A 
a at 6 6 

(where A represents the cosmological constant) can be, also, formally classically interpreted. 
Namely, it can be equivalently, simply transformed in the following equation 

2^ dt' 2 3 r 247r^ ' ^ ' 

Additional term Tn{-^){A'Kr'^) can be formally considered as the classical energy of the surface 
tension of a fluid captured in the sphere with radius r and surface area (47rr^) so that surface 
tension coefficient is It is very important to be pointed out that here (as well as in 

the fluid mechanics), even if surface tension coefficient is constant, energy of the surface tension 
increases when sphere radius increases. 

All this implies a possibility [2] that cosmological constant, not only formally classically, but 
even really corresponds to some surface phenomena. (Especially, it can be observed that all this 
corresponds, at least conceptually, to t'Hooft-Susskind holographic principle in quantum gravity 
[3].) One aspect of this possibility we shall roughly consider in this work. Namely, in this work 
a satisfactory, simplified theoretical prediction of the data corresponding to observationally (by 
fine tuning condition) estimated value of the cosmological constant [4], [5] will be given. It will 
be supposed that cosmological constant, like surface tension coefficient by a liquid drop, does not 
correspond to a volume (bulk) vacuum mass (energy) density distribution but that it corresponds 
to a surface vacuum mass (energy) density distribution. Precisely, it will be supposed that vacuum 
mass is distributed over a thin spherical shell with sphere radius proportional to scale factor and 
thickness equivalent to Planck length. Then form of given surface mass distribution and fine 
tuning condition imply observed value of the scale factor, i.e. growing of the scale factor (for 
~ 61 magnitude order) from initial (corresponding to Planck length ~ 10~^^m) to recent (at the 
beginning of the cosmic acceleration, corresponding to lOGlyr ~ lO^^m length). 

So, suppose, usually, 

G-PA = - (5) 

where pA represents the mass density corresponding to cosmological constant. 
Further, suppose 

Ma 

which corresponds to vacuum mass M\ homogeneously distributed over thin spherical shell with 
sphere radius r and thickness equivalent to Planck length Lp. It implies 

Ma = pA{LpAny (7) 
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which means that vacuum mass grows quadratically when sphere radius grows. 
Introduction of (6) and 



A = TT (8) 



L 



(where L\ represents the length corresponding to cosmological constant) in (5), after simple trans- 
formations, yields 

Mp 2 Ll 

It represents very interesting result admitable for comparison with observational data. 
Initially, i.e. for r = Lp, and, according to fine-tuning condition [4], [5] 



'A 

it follows 



^ ~ 10--^ (10) 



(11) 

Mp 2Ll ^ ' 

or 

Ma = IQ-^^^Mp (12) 

It means, of course, that cosmological constant does not any important influence in the early 
universe. 

Now, we shall determine by (9) such r for which condition 

Ma ~ Mp (13) 

is satisfied. Given condition, of course, simply means that vacuum energy becomes comparable 
with energy of the quantum fields. Introduction of (13) in (9) yields, after simple transformations, 

~ Ll (14) 

Now, we shall express r in the following way 

r = aLp (15) 



which, introduced in (14), yields 



and further 



Lp 



a ~ 10^' (17) 



It represents very important result. Namely, it satisfactorily corresponds to observational data 
[4]. [5] on the growing of the scale factor of the universe for ~ 61 magnitude order ,from initial 
(corresponding to Planck length ~ 10~^^m) to recent (at the beginning of the cosmic acceleration, 
corresponding to ~ lOGlyr ~ lO^^m length). (It can be added that, as it is not hard to see, sup- 
position on the volume, i.e. bulk distribution of the vacuum mass yields unsatisfactory prediction 
a ~ 10^1). 

Finally, we can shortly repeated and pointed out the following. It can be pointed out that 
suggested model of the interpretation of cosmological constant as a surface phenomena (at least 
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conceptually analogous to t'Hooft-Susskind holographic principle) is very rough and simplified, 
formally like to a classical. Such model must be necessarily generalized, but it goes over basic 
intention of our work. In any case our model is able to correlate and reproduce observational 
astronomical data (fine-tuning and growing of the scale factor) in a satisfactory way. All this is 
very interesting and promising. 
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